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1RPHQFODWXUH
W PHDVXUHGWHPSHUDWXUH>&@   N GLVFUHSDQF\FRUUHFWLRQIDFWRU>.@
WF FRUUHFWHGWHPSHUDWXUH>&@   7 WHPSHUDWXUHVHQVRU±WKHUPRFRXSOHW\SH.
WDYJ DYHUDJHWHPSHUDWXUH>&@    ' GLJLWDOWHPSHUDWXUHVHQVRU
,QWURGXFWLRQ
%XLOGLQJVLPXODWLRQVDUHWKHWRROWKDWFDQFRQWULEXWHWRWKHFXUUHQWLVVXHVRIWKHEXLOGLQJVFLHQFHHQHUJ\HIILFLHQF\
DQGPDQ\ GLIIHUHQW UHODWLRQV FRYHULQJ DOO WKH WKHUPDO SKHQRPHQD7KH UDSLG GHYHORSPHQW LQ WKH DUHD RI EXLOGLQJ
VLPXODWLRQSHUIRUPDQFHLVXQGRXEWHGO\LQIOXHQFHGE\WKHYDULRXVYDOLGDWLRQSURFHGXUHVFRPELQLQJERWKHPSLULFDODQG
DQDO\WLFDOPHWKRGVDVFRQIURQWHGZLWKUHDOZRUOGH[SHULPHQWDWLRQV>@WRGHYHORSUHOLDEOHWRROIRUQHHGWRREWDLQDQ
DGHTXDWHYLUWXDOUHDOLW\DSSURDFK6XUIDFHWHPSHUDWXUHPHDVXULQJEHORQJVWRYDULDEOHVWKDWDUHVSHFLILFDOO\PRQLWRUHG
IRUPRVW RI WKH H[SHULPHQWDOPRWLYDWLRQV LQ WKH ILHOG RI EXLOGLQJV >@ DQG FRQVHTXHQWO\ FRQIURQWHGZLWK EXLOGLQJ
VLPXODWLRQ PRGHOLQJ DQGRU LWV YDOLGDWLRQ SURFHGXUHV >@ %DVLFDOO\ LW UHSUHVHQWV WZR VSHFLILF ILHOGV RI DQ
LQWHUGLVFLSOLQDU\QDWXUHILUVWEDVHGRQWKHLQWHJUDWLRQRIUHFHQWDQGPRUHSURJUHVVLYHDGYDQFHV>@LQHOHFWURQLFVZKLOVW
VHFRQGRQWKHDSSOLFDWLRQOHYHOLQEXLOGLQJV>@KRZHYHUQRWOHVVLPSRUWDQWWKDQLQWKHILHOGRI8UEDQ&OLPDWHDVWKRVH
SULPDULO\ DQDO\]LQJ HJ 8UEDQ+HDW ,VODQG HIIHFW HWF ,Q DGGLWLRQ LW GHSHQGV RQPDQ\ DVSHFWV KRZ WR UHDFK DQ
DFFHSWDEOHDQGVWURQJO\IHDVLEOHUHVXOW7\SLFDOO\PLJKWEHVHHPHG WKDWIRU WKHFRPSDUDWLYHSXUSRVHV LWGRHVQRW
PDWWHUZKDWW\SHRIVHQVRUVDUHDSSOLHGDQGDGGLWLRQDOO\ZKLFKZD\RILQVWDOODWLRQLVILQDOO\FRQGXFWHG+RZHYHU
EHVLGHVRILWVRZQDFFXUDF\VWDQGDUGZKHQDQDO\]LQJFHUWDLQOHYHORIPHDVXUHGYDULDEOHWKHUHLVDVWURQJQHHGWRNQRZ
REWDLQHGGLVFUHSDQFLHV7KHUHLVODFNOLWHUDWXUHUHODWHGWRWKHILHOGRIEXLOGLQJVZKLFKLVVSHFLILFDOO\IRFXVHGRQWKH
LGHDRISUHVHQWHGSDSHUSUREDEO\GXHWRWHFKQLFDODQGPRUHHOHFWURQLFDVSHFWV0RVWRIWKHH[SHULPHQWDOLQYHVWLJDWLRQV
DSSOLHVH[DFWO\RQHWULHGDQGWHVWHGZD\RIPHDVXULQJEDVHGRQRZQH[SHULHQFHOHYHOFRYHULQJWULHGDQGWHVWHGWHFKQLFDO
VNLOOVRIDOOWKRVHZKRFDUULHVRXWPHDVXUHPHQWVLQWKHILHOGRIEXLOGLQJV$UHVHDUFKSURMHFWIRFXVHGRQFRQWHPSRUDU\
FRQFHSWVRIFOLPDWLFDOO\DFWLYHVRODUIDFDGHVDWWKH%UQR8QLYHUVLW\RI7HFKQRORJ\GRHVKDYHDQDPELWLRXVWRDQDO\]H
WKHUPDODVSHFWVLQSURJUHVVLYHDGYDQFHVRIIXWXUHVRODUIDoDGHFRQFHSWVH[SRVHGE\WKHUHDOFOLPDWHFRQGLWLRQV)RU
WKHSXUSRVHRIUHVHDUFKVFRSHWKHUHLVQHFHVVDU\WRSHUIRUPDGHWDLOHGFRPSDUDWLYHVWXG\UHODWHGWRVSHFLILFSKHQRPHQD
RQVXUIDFHWHPSHUDWXUHPRQLWRULQJZKHUHIXWXUHLQYHVWLJDWLRQVDUHSODQQHGWREHDQDO\]HGERWKDWWUDQVSDUHQWDQG
RSDTXHEXLOGLQJVXUIDFHVOHYHO
6XUIDFHWHPSHUDWXUHDQDO\]LQJ
7HPSHUDWXUHVRQH[WHUQDO VXUIDFHVKDYHEHHQPHDVXUHGDSSO\LQJRI WZR W\SLFDOEXLOGLQJVHJPHQWV6RXWKZHVW
RULHQWDWLRQLVDQDO\]HG)LUVWVHJPHQWUHSUHVHQWVVXUIDFHRIRSDTXHEXLOGLQJFRPSRQHQWZKLOVWVHFRQGLWVZLQGRZ
VHFWLRQ )LJ D FRPSOHWHO\ LQGLFDWHV DQ H[SHULPHQWDO VHWXS JLYHQ 2YHUDOO LW FRQVLVWV RI WZR LQGHSHQGHQW GDWD
DFTXLVLWLRQ GHYLFHV )LUVW GHYLFH LQFOXGHV $+/%251 $OPHPR  DVVHPEO\ ZLWK WHQ LQSXWV PHDVXUH VHW RI
WKHUPRFRXSOHVDQGFOLPDWHFRQGLWLRQVVXFKDVVRODUUDGLDWLRQZLQGVSHHGDLUWHPSHUDWXUHDQGLWVUHODWLYHKXPLGLW\
6HFRQGGHYLFHLVEDVHGRQ5DVSEHUU\3LFRPSXWHVWKDWLVUHFHQWO\LPSOHPHQWHGLQWKHSUHVHQWHGDUHDVXFFHVVIXOO\>@
DQG FROOHFWV GDWD IURP GLJLWDO WKHUPRPHWHUV DQG LQIUDUHG VHQVRUV 7ZR GLIIHUHQW WHPSHUDWXUH VHQVRUV )LJ F LQ
FRQWDFWPRGHFRQVLVWLQJRI.W\SHWKHUPRFRXSOHDQGGLJLWDOVHQVRUZHUHDSSOLHGE\PHDQVRIWKUHHW\SLFDOLQVWDOODWLRQ
ZD\V)LJE7KHILUVW³$´HPSOR\VVLOYHUDOXPLQXPWDSHVHFRQG³%´UHSUHVHQWVFRQQHFWLRQRQWUDQVSDUHQWWDSH
EDVHDQGODVW³&´XVHVPRUHGLIILFXOWPHWKRGRIDSSOLFDWLRQZLWKTXLFNGU\LQJWUDQVSDUHQWJOXH
.W\SHWKHUPRFRXSOH)LJFRQOHIWVLGHLVZRUNLQJRQMXQFWLRQRIWZRGLIIHUHQWPDWHULDOVRIFRQGXFWRUVZKLFK
SURGXFHWHPSHUDWXUHGHSHQGHQF\YROWDJHDVDUHVXOWRIWKHUPRHOHFWULFHIIHFW.W\SHDSSOLHV1L&U1LMXQFWLRQZLWK
VHQVLWLYLW\RIDSSUR[LPDWHO\9&
'LJLWDO WKHUPRPHWHUV '6% SURGXFHG E\ 0D[LP ,QWHJUDWHG SURYLGHV WHPSHUDWXUH PHDVXUHPHQW LQ UDQJH
EHWZHHQWRGHJUHHRI&HOVLXVZLWKUHVROXWLRQWRELWVZKLFKUHSUHVHQWVDUHVROXWLRQ&&&
RU&3URGXFHUGHFHOHUDWHVWKHDFFXUDF\&LQUDQJH&WR&6HQVRUFRPPXQLFDWHVE\ZLUHEXV
DQGKDVQH[WSURSHUWLHV'DWDDUHUHDGIURPUHJLVWHUZLWKQLQHE\WHV&RPPXQLFDWLRQWUDQVIHUFRXOGEHYHULILHGE\
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F\FOLFUHGXQGDQF\FRQWUROUHSUHVHQWHGE\WKHODVWE\WHLQUHJLVWHU6HQVRUVKDYHWZREDQGJDSYROWDJHVRXUFHV2QHRI
WKHPLVWHPSHUDWXUHVWDEOHDQGVHFRQGKDVGHWHUPLQLVWLFGHVFULEHGEHKDYLRUEDVHGRQWHPSHUDWXUH7KHGLIIHUHQFHRI
VRXUFHVLVPHDVXUHGE\DQDORJWRGLJLWDOFRQYHUWHU
,QIUDUHGVHQVRU0/;'$$KDVVHQVLWLYHWKHUPRSLOHDQGVLJQDOSURFHVVLQJFLUFXLWLQWHJUDWHGWRWKH72
SDFNDJH7KHVHQVRUPHDVXUHVWKHDYHUDJHWHPSHUDWXUHRIDOOREMHFWVLQWKH)LHOGRI9LHZZKLFKLVGHSHQGHQWRQW\SH
7KHWHPSHUDWXUHUDQJHRIVHQVRULVEHWZHHQWR&ZLWKIDFWRU\FDOLEUDWHGDFFXUDF\RI&LQUDQJHWR
&7KHVHQVRUGLYHVGDWDE\,&EXVZLWKWHPSHUDWXUHVFDOFXODWHGZLWKHPLVVLYLW\HTXDO


)LJD([SHULPHQWDOVHWXSRQVRXWKZHVWIDoDGHE'HWDLORIVHQVRUVPRXQWHGRQDQRSDTXHEXLOGLQJFRPSRQHQWF'HWDLOVRIVHQVRUV.
W\SHWKHUPRFRXSOH,5DQGGLJLWDOWKHUPRPHWHU
5HVXOWVDQGGLVFXVVLRQ
7KHHYDOXDWHGILQDOUHVXOWVZHUHREWDLQHGEDVHGRQH[SHULPHQWDWLRQDSSO\LQJRIWHPSHUDWXUHVHQVRUVDWWKHVRXWK
ZHVWIDoDGHORFDWHGDWWKHUHVHDUFKFHQWHU$G0D6RI%UQR8QLYHUVLW\RI7HFKQRORJ\ORQJLWXGHODWLWXGH
DOWLWXGHPWKHVRXWK0RUDYLDQSDUWRI&]HFK5HSXEOLF)LJD7KHUHVXOWLQJVXUIDFHWHPSHUDWXUHVEHKDYLRU
ZHUH DQDO\]HG SULPDULO\ WRJHWKHUZLWKPRQLWRULQJ DOO LPSRUWDQW FOLPDWLF SDUDPHWHUV GXULQJ VHYHUDO GD\VZLWK WKH
VLJQLILFDQWRXWGRRUWHPSHUDWXUHGLIIHUHQFHRIGLXUQDODQGQRFWXUQDOSHULRGV&RQFHUQLQJVRODUUDGLDWLRQDWYHUWLFDOOHYHO
S\UDQRPHWHUVHQVRUZDVXVHGSDUWLFXODUO\$/0(02)/$6VHH)LJZLWKPHDVXULQJUDQJH:P
UHVROXWLRQ  DW VSHFWUDO UDQJH IURP  WR  P 6SHHG RI DLUPRWLRQ LQ IURQW RI IDoDGHZDVPHDVXUHG E\ WZR
DQHPRPHWHUSUREHV$/0(02)9$'63UREH¶VPHDVXUHPHQWUDQJHLVPVZLWKDFFXUDF\DURXQG
PV2QHRIWKHPZDVRULHQWHGKRUL]RQWDOO\DQGVHFRQGYHUWLFDOO\)LQDOYDOXHRIVSHHGZDVREWDLQHGEDVHGRQURRWRI
VXP RI VTXDUHV 7KH )LJ D LOOXVWUDWHV WKH SRVLWLRQV RI WKH S\UDQRPHWHU DQG ERWK DQHPRPHWHUV KRUL]RQWDOO\ DQG
YHUWLFDOO\ SRVLWLRQHG GLUHFWO\ LPSOHPHQWHG EHWZHHQPHDVXUHG RSDTXH DQG WUDQVSDUHQW VHFWLRQ $OO WKH UHVXOWV DUH
SUHVHQWHG E\ OLQH JUDSKV2QH UHSUHVHQWDWLYH GD\ LV SUHVHQWHG IRU UHVXOW FRPSDULVRQZKHUH DQ HQWLUHO\ FOHDU VN\
FRQGLWLRQVZDVDQDO\]HG6KRUWWDEOHVXPPDUL]HVDGHYLDWLRQEHWZHHQDOOVHQVRUVUHSUHVHQWLQJVSHFLILFSHULRGVRQH
IRUQRFWXUQDOFRQGLWLRQVZLWKWKHORZHVWZLQGVSHHGZKLOVWVHFRQGDWKLJKHVWVRODULQWHQVLW\OHYHO
3.1. Initial comparative temperature sensors test 
6KRUWWHUP FRPSDUDWLYHPHDVXUHPHQWV ZHUH SURYLGHG EHIRUH H[SHULPHQWDO PHDVXUHPHQWV WR GHPRQVWUDWH WKHLU
SULQFLSDOGLVFUHSDQF\IURPHDFKRWKHUDQGIRUSXUSRVHVRIWKHNH\UHVXOWDQDO\VLVWRGHWHUPLQHLWVDYHUDJHGOHYHO)RU
WKLVUHDVRQWKHUHZHUHWHVWHGXQGHUWKHVDPHFRQGLWLRQVH[FOXGLQJH[WHUQDOLQIOXHQFHVH[DFWO\LQWKHER[ORFDWHGLQ
WKHLQGRRUFRQGLWLRQV)RUWKDWSXUSRVHDOOWHPSHUDWXUHVHQVRUVZHUHSODFHGWRWKHRQHER[EHIRUHH[SHULPHQWWRREWDLQ
GLIIHUHQFHVFRXUVH)LQDOO\DVFDQEHVHHQRQ)LJDOOVHQVRUVLQGLFDWHSUDFWLFDOO\DQHJOLJLEOHGLIIHUHQFH7DEOH
SUHVHQWVREWDLQHGYDOXHVEDVHGRQGLIIHUHQFHVUHODWHGWRDYHUDJHGYDOXHHVWLPDWHGIURPDOOVHQVRUV%DVLFDOO\ERWK
DSSOLHGVHQVRUW\SHVDUHLQDFFHSWDEOHPDWFKZKHQFRQIURQWLQJHDFKW\SHVHSDUDWHO\+RZHYHUDPD[LPXPRI.
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GLIIHUHQFHEHWZHHQERWKVHQVRUW\SHVLVREVHUYHGRQWKHRWKHUKDQGGLJLWDOVHQVRUVLQGLFDWHWKHOHYHOQRWH[FHHGLQJ
RI.ZKLOVWWKHUPRFRXSOHVQHDUO\.ZKLFKUHSUHVHQWVSUDFWLFDOO\WZRWLPHVPRUH
7DEOH$YHUDJHGYDOXHVREWDLQHGIURPLQLWLDOFRPSDUDWLYHWHVW
6HQVRU 7 7 7 7 7 7 ' ' ' ' ' '
0RXQWLQJ
7\SH $ % & $ % & $ % & $ % &
7HPSHUDWXUH
GLVFUHSDQF\            


)LJ&RPSDUDWLYHPHDVXUHPHQWVRIDOOVHQVRUVDSSOLHG
)URPZKROHPHDVXUHPHQWSHULRGGDWDWDNHQXQGHUVHYHUDOGD\VRQHUHSUHVHQWDWLYHGD\LVDQDO\]HGDQGSRLQWHGRXW
LQGHWDLO IRUH[WHUQDORSDTXHDQGWUDQVSDUHQWEXLOGLQJVXUIDFHUHVSHFWLYHO\7KHDYHUDJHYDOXHRI WHPSHUDWXUHZDV
GHWHUPLQHGEDVHGRQWHPSHUDWXUHVRIWKUHHWKHUPRFRXSOHVDQGWKUHHGLJLWDOVHQVRUVIRUHDFKVWHSLQDFFRUGDQFHWR(T
,QRUGHUWRSUHVHQWREWDLQHGUHVXOWVPHDQLQJIXOO\DFRUUHFWLRQYDOXHKDVEHHQGHWHUPLQHGEDVHGRQLQLWLDOGHYLDWLRQ
WHVW DFFRUGLQJ WR (T  )LQDO WHPSHUDWXUH GLIIHUHQFHV ZHUH FDOFXODWHG DV D YDOXH EHWZHHQ FRUUHFWHG DYHUDJH
WHPSHUDWXUHVFDOFXODWHGLQWHUPVRI(TDQGFRUUHFWHGWHPSHUDWXUHRIVHQVRU(TREWDLQHGLQHDFKWLPHYDU\LQJ
VWHS
imc ktt     
¦
 
 
n
i
ii
avg n
ktt

   
3.2. Opaque building component analysis 
5HVXOWVSUHVHQWHGRQ)LJGHPRQVWUDWHFOLPDWLFFRQGLWLRQWDNHQIURPRQHDQDO\]HGGD\ZLWKFOHDUGLXUQDODQG
QRFWXUQDOSHULRGDQGDWWKHVDPHWLPHZLWKLWVVLJQLILFDQWYDULHW\UHJDUGLQJWRRXWVLGHDLUWHPSHUDWXUHOHYHO6XUIDFH
WHPSHUDWXUHVDQG WKHLUGLIIHUHQFHVDUHVXEVHTXHQWO\SUHVHQWHG LQ IROORZLQJILJXUHV)LJDUHSUHVHQWVDOOREWDLQHG
YDOXHVDQGWKHLUGLIIHUHQFHVUHODWHGWRFRUUHFWHGYDOXHDUHSUHVHQWHGRQ)LJE2YHUDOOWKHUHLVDOPRVWQRGLIIHUHQFH
EHWZHHQDOOVHQVRUVZKHQJOREDOO\FRQIURQWLQJ:KHQORRNLQJLQGHWDLORQ)LJWKHGLIIHUHQFHVEHWZHHQVHQVRUVDUH
LQWROHUDQFHUDQJH,WVHHPVWKDWDOXPLQXPWDSHKDVWKHKLJKHVWWHPSHUDWXUHJOXHGVHQVRUKDVWKHORZHVWWHPSHUDWXUH
DQGWKHWUDQVSDUHQWWDSHLVEHWZHHQWKHP'LJLWDOVHQVRUVVKRZVOLJKWO\KLJKHUWHPSHUDWXUHZKLFKFRXOGEHFDXVHGE\
WKHLUVKDSHDQGODUJHUDUHDVKDUHGZLWKDPELHQWDLU'XULQJWKHGD\DVVKRZQRQ)LJWKHUHFRXOGEHVHHQDVOLJKWO\
KLJKHUGLIIHUHQFHVEHWZHHQVHQVRUVDQGERWKVHQVRUW\SHV'LJLWDOVHQVRUVPRXQWHGE\WDSHKDYHUHODWLYHO\VLPLODU
WHPSHUDWXUHZKLOVWWKHJOXHGGLJLWDOVHQVRUVKDYHKLJKHUWHPSHUDWXUHSUREDEO\FDXVHGE\LWVEODFNFRORU
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7KHGLIIHUHQFHLVDSSUR[LPDWHO\.2QWKHRWKHUKDQGWKHUPRFRXSOHVVHQVRUVKDYHWHPSHUDWXUHYHU\FORVHWR
HDFKRWKHUZLWKDQDYHUDJHRIDSSUR[LPDWHO\.GLIIHUHQFH7DEOHSRLQWVRXWWKHFDOFXODWHGGLIIHUHQFHV,WFRXOGEH
REVHUYHGWKDWWKH\DUHQRWDVVLJQLILFDQWDVFRXOGLQLWLDOO\EHH[SHFWHG0D[LPXPYDOXHRIREWDLQHGGLIIHUHQFHRFFXUV
RQO\LQVHYHUDOSRLQWVRWKHUZLVHWKH\LQGLFDWHYHU\VLPLODUYDOXHVPRVWRIWKHPRQLWRUHGWLPH


)LJD$LUWHPSHUDWXUHDQGUHODWLYHKXPLGLW\EZLQGVSHHGLQIURQWRIIDoDGHDQGWRWDOYHUWLFDOVRODUUDGLDWLRQ

)LJD$LUDQGDOOVXUIDFHWHPSHUDWXUHVPRQLWRUHGEWHPSHUDWXUHGLIIHUHQFHVFDOFXODWHGIRUPWKHLUFRUUHFWHGYDOXH
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
)LJ7HPSHUDWXUHGLIIHUHQFHRIRSDTXHFRPSRQHQWZLWKRXWGLUHFWVRODUUDGLDWLRQDQGQRZLQGVSHHGRFFXUUHQFH

)LJ7HPSHUDWXUHGLIIHUHQFHRIRSDTXHFRPSRQHQWZLWKWKHPD[LPXPSHDNRIGLUHFWVRODUUDGLDWLRQ
$VSUHYLRXVO\LQGLFDWHG7DEOHVXPPDUL]HVDYHUDJHGYDOXHVREWDLQHGIURPH[SHULPHQWDOPHDVXUHPHQWKRZHYHU
KRXUGLXUQDODQGQRFWXUQDOGDWDDUHFDOFXODWHGVSHFLILFDOO\IRUSHULRGVZKHUHWKHPD[LPXPSHDNRIVRODUUDGLDWLRQDW
YHUWLFDOOHYHOLVDQGRQFRQWUDU\WKHORZHVWRUDOPRVWQRZLQGVSHHGZLWKQRFWXUQDOFOHDUVN\FRQGLWLRQVDUHGHWHFWHG
2YHUDOOLQIUDUHGWKHUPRPHWHULVLQDQDFFHSWDEOHOHYHOHVSHFLDOO\DVFRPSDUHGZLWKWKHUPRFRXSOHV
7DEOH$YHUDJHGYDOXHVREWDLQHGIURPH[SHULPHQWDOPHDVXUHPHQWVVHOHFWHGGLXUQDODQGQRFWXUQDOKRXU
3HULRG YDOXH 7 7 7 ' ' ' ,5

1RZLQG
1R6XQ
DYHUDJH       
PLQLPDO       
PD[LPDO       
PHGLDQ       

0D[6XQ
DYHUDJH   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PD[LPDO       
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     

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DYHUDJH       
PLQLPDO       
PD[LPDO       
PHGLDQ       
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3.3. Transparent building component analysis 
7UDQVSDUHQWVXUIDFHUHVXOWVDUHLQWHUSUHWHGLQDFFRUGDQFHWRVLPLODUPHWKRGRORJ\DVDSSOLHGIRURSDTXHFRPSRQHQW
)URPZKROHSHULRGRIPHDVXUHPHQWRQHGD\LVSUHVHQWHGZKLFKFOLPDWHGDWDDUHGHPRQVWUDWHGRQ)LJ7HPSHUDWXUHV
ZHUHFRUUHFWHGZLWKGDWDWDNHQIURPLQLWLDOGLVFUHSDQF\WHVWDQGWKHGLIIHUHQFHVEHWZHHQDYHUDJHYDOXHDQGHDFKVHQVRU
ZDVFDOFXODWHGVLPLODUO\DVEHIRUHH[DFWO\LQDFFRUGDQFHWR(TDQG(T&OLPDWLFFRQGLWLRQUHVXOWVWDNHQIURP
RQHDQDO\]HGGD\ZLWKFOHDUGLXUQDODQGQRFWXUQDOSHULRGDUHSUHVHQWHGRQ)LJ2XWVLGHDLUWHPSHUDWXUHUHDFKHV
.YDULDWLRQWKXVSUHVHQWHGGD\LVJLYHQDVVWURQJO\G\QDPLF


)LJD$LUWHPSHUDWXUHDQGUHODWLYHKXPLGLW\EZLQGVSHHGLQIURQWRIIDoDGHDQGWRWDOYHUWLFDOVRODUUDGLDWLRQ
6XUIDFHWHPSHUDWXUHVDQGWKHLUSURJUHVVLRQVDUHSUHVHQWHGRQ)LJDUHSUHVHQWLQJRIDOOREWDLQHGYDOXHVDQGWKHLU
SDUWLFXODU GLIIHUHQFHV UHODWHG WR FRUUHFWHGYDOXH DUHSUHVHQWHGRQ)LJE6LPLODUO\ WKHUH LV DOPRVWQR VLJQLILFDQW
GLIIHUHQFHEHWZHHQDOOVHQVRUVZKHQFRQIURQWLQJLQJOREDO,QFRQWUDVWWRRSDTXHEXLOGLQJFRPSRQHQWWKHUHLV)LJ
VKRZVGLIIHUHQFHVEHWZHHQDOOVHQVRUVWKDWDUHLQWROHUDQFHUDQJHZLWKRXWLQIOXHQFHRIVRODUUDGLDWLRQLQGHWDLO7KH
DOXPLQXP WDSH KDV WKH KLJKHVW WHPSHUDWXUH JOXHG VHQVRU KDV WKH ORZHVW WHPSHUDWXUH DQG WKH WUDQVSDUHQW WDSH LV
EHWZHHQ WKHP DV GHPRQVWUDWHG SUHYLRXVO\ $JDLQ GLJLWDO VHQVRUV VKRZ VOLJKWO\ KLJKHU WHPSHUDWXUH OHYHO $OO
GLIIHUHQFHVDUHURXJKO\ORZHUWKDQ.'XULQJWKHGD\VKRZQRQ)LJWKHUHFRXOGEHVHHQDVOLJKWGLIIHUHQFHV
EHWZHHQVHQVRUVDQGERWKVHQVRUW\SHVRQO\GLJLWDOVHQVRUPRXQWHGE\WUDQVSDUHQWJOXHWKDQNVWRLWVFRORUVKRZV
KLJKHUWHPSHUDWXUH2WKHUYDOXHVDUHYHU\FORVHWRHDFKRWKHUZLWKDSSUR[LPDWHGLIIHUHQFHORZHUWKDQ.
7DEOH  VXPPDUL]HV DYHUDJHG YDOXHV REWDLQHG IURP H[SHULPHQWDO PHDVXUHPHQW GLUHFWO\ UHODWHG WR WUDQVSDUHQW
FRPSRQHQW KRZHYHU VHOHFWHG KRXU GLXUQDO DQG QRFWXUQDO GDWD DUH FDOFXODWHG VSHFLILFDOO\ IRU SHULRGV ZKHUH WKH
PD[LPXPSHDNRIVRODUUDGLDWLRQDWYHUWLFDOOHYHOLVDQGRQFRQWUDU\WKHORZHVWRUDOPRVWQRZLQGVSHHGZLWKQRFWXUQDO
FOHDUVN\FRQGLWLRQVDUHGHWHFWHG%DVLFDOO\DVGHPRQVWUDWHGRQ)LJZLWKRXWVRODUUDGLDWLRQH[SRVXUHTXLWHORZ
GLIIHUHQFHLVREVHUYHGZKLOVWPD[LPXPSHDNRIVRODUUDGLDWLRQLQGLFDWHDVOLJKWO\KLJKHULQIOXHQFHKRZHYHUQRWVR
PXFKVLJQLILFDQW$VIDUDVLQIUDUHGWKHUPRPHWHUPRUHFRPSOH[DQGGHWDLOHGVWXG\VKRXOGEHFRQGXFWHGLQRUGHUWR
DQDO\]HDOOYDULDEOHV WKDW FDQ LQIOXHQFHDQDFFXUDF\RI WKLVPHWKRG VXFKDV VXUIDFHHPLVVLYLW\ HIIHFWLYHDPELHQW
WHPSHUDWXUHDQJOHGHSHQGHQF\HWF
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
)LJD$LUDQGDOOVXUIDFHWHPSHUDWXUHVPRQLWRUHGEWHPSHUDWXUHGLIIHUHQFHVFDOFXODWHGIRUPWKHLUFRUUHFWHGYDOXH

)LJ7HPSHUDWXUHGLIIHUHQFHRIWUDQVSDUHQWFRPSRQHQWZLWKRXWGLUHFWVRODUUDGLDWLRQDQGWKHORZHVWOHYHORIZLQGVSHHG

)LJ7HPSHUDWXUHGLIIHUHQFHRIWUDQVSDUHQWFRPSRQHQWZLWKWKHPD[LPXPSHDNRIGLUHFWVRODUUDGLDWLRQ
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7DEOH$YHUDJHGYDOXHVREWDLQHGIURPH[SHULPHQWDOPHDVXUHPHQWVVHOHFWHGGLXUQDODQGQRFWXUQDOKRXU
3HULRG YDOXH 7 7 7 ' ' ' ,5

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7KHSDSHUSUHVHQWVWKHVXUIDFHWHPSHUDWXUHVWXG\LQWKHILHOGRIEXLOGLQJVREWDLQHGZLWKWKHVHYHUDOWHPSHUDWXUH
VHQVRUV DYDLODEOH IRU WKH WHPSHUDWXUH PHDVXULQJ 7ZR W\SHV RI FRQWDFW VHQVRUV ZHUH DSSOLHG IRU WKLV VWXG\ DV
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